Features of Structural Changes in Travertine Like Barite Influenced by X-Ray Irradiation and Thermal Exposure  by Khasanov, Ravil A. et al.
 Procedia Earth and Planetary Science  15 ( 2015 )  933 – 939 
Available online at www.sciencedirect.com
1878-5220 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
doi: 10.1016/j.proeps.2015.08.149 
ScienceDirect
:RUOG0XOWLGLVFLSOLQDU\(DUWK6FLHQFHV6\PSRVLXP:0(66
)HDWXUHVRI6WUXFWXUDO&KDQJHVLQ7UDYHUWLQHOLNH%DULWH,QIOXHQFHG
E\;5D\,UUDGLDWLRQDQG7KHUPDO([SRVXUH
5DYLO$.KDVDQRYE1D]LP01L]DPXWGLQRYD1DLOLD0.KDVDQRYDD
*HRUJH*$NKPDQRYE(GXDUG$.RUROHYD9LFWRU*,]RWRYD
aKazan federal university, Kazan, 420008 Russia 
bCentral Research Institute for Geology of Industrial Minerals, Kazan, 420097 Russia  
$EVWUDFW
7KHUHVXOWVRIRXUUHVHDUFKRQWUDYHUWLQHOLNHEDULWHE\HOHFWURQSDUDPDJQHWLFUHVRQDQFH(35DUHSUHVHQWHG7KHJURZWKRIWKHVH
FU\VWDOVZDVKHOGLQFRQWLQXRXVPRWLRQRIJDVZDWHUVROXWLRQVDWDFRQVWDQWUDGLDWLRQH[SRVXUHRIWKHQXFOHL5D7KDQG.
7KHREMHFWLYHRIWKLVZRUNZDVWRLGHQWLI\WKHFU\VWDOVWUXFWXUHIHDWXUHVRIWUDYHUWLQHOLNHEDULWHDVVRFLDWHGZLWKJURZWKFRQGLWLRQV
XQGHU WKH LQIOXHQFHRI UDGLDWLRQH[SRVXUH5DGLRJUDSKLFVWXGLHVRIEDULWHVDPSOHVKDYHVKRZQWKDW WKHDJJUHJDWHVDUHYLUWXDOO\
PRQRPLQHUDO IRUPDWLRQV ,W KDV DFRPSUHVVHGXQLW FHOOZLWK ORZHUYROXPHDQGKLJKHUGHQVLW\FRPSDUHG WR WKHSDUDPHWHUVRI
VHGLPHQWDU\EDULWHV2QO\ZHDN OLQHVRI WKH(35 VSHFWUXPRI WKH LRQUDGLFDO62ZHUH IL[HG LQ WKHQDWXUDO VDPSOHRI EDULWH
7KHUHIRUH ODERUDWRU\H[SHULPHQWVZHUHFDUULHGRXWZLWK;UD\LRQL]DWLRQRIVDPSOHVQRWRQO\RI WKHRULJLQDOURFNEXWDOVRRI
VDPSOHVH[SRVHGWRWKHUPDODQQHDOLQJ7KH(35VSHFWUDRIWKHIROORZLQJLRQUDGLFDOVɈJ[[ J\\ J]] 
62 J[[   J\\   J]]   DQG WZR W\SH  62 , J[[   J\\   J]]   62,, J[[
 J\\ J]] ZHUHGHWHFWHGDIWHU;UD\LUUDGLDWLRQ7KHLQWHQVLWLHVRIWKHOLQHVRIWKHREVHUYHG(35VSHFWUD
RI LRQ UDGLFDOV FKDQJHZLWK DQQHDOLQJ WHPSHUDWXUH 3DUDPDJQHWLF FHQWUHV IRUP DQ LQWHJUDWHG V\VWHPZLWK WKH VWUXFWXUH RI WKH
FU\VWDO:LWKLQWKHV\VWHPWKHWUDQVIHURIHOHFWURQVDQGKROHVLVREVHUYHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI:0(66
Keywords:7UDYHUWLQHEDULWHHOHFWURQSDUDPDJQHWLFUHVRQDQFH;LUUDGLDWLRQDQQHDOLQJQUDGLFDOV
&RUUHVSRQGLQJDXWKRU7HO
E-mail address:UDYLONKDVDQRY#JPDLOFRP
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
934   Ravil A. Khasanov et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  933 – 939 
,QWURGXFWLRQ
%DULWH %D62 GXH WR WKH SHFXOLDULWLHV RI LWV FKHPLFDO FRPSRVLWLRQ LV WUDGLWLRQDOO\ XVHG DV D EDVLV IRU WKH
SURGXFWLRQ RI UDGLDWLRQ SURWHFWLYH PDWHULDOV >6DYFKHQNRYD @ 7KH DELOLW\ DEVRUEV UDGLDWLRQ GRHV EDULWH
LQGLVSHQVDEOH LQ LQGXVWULHVZKHUH UDGLDWLRQ VRXUFHV DUH XVHG7DNLQJ LQWR DFFRXQW DOVR WKH GHPDQG%D62 LQ WKH
QXFOHDU LQGXVWU\ WKH VWXG\ RI WKH VWUXFWXUDO FKDQJHV LQ WKHPLQHUDO XQGHU WKH LQIOXHQFH RI UDGLDWLRQ DQG WKHUPDO
H[SRVXUHLVDQDFWXDOSUREOHP
7KH REMHFW RI WKH VWXG\ZDV EDULWH DJJUHJDWHV FRPSRVLQJ FROXPQVKDSHG DQG KLOO\ IRUPDWLRQ LQ WKH'HULXJLQ
%DVLQ LQ WKH 6HD RI 2NKRWVN 7KHLU SUHFLSLWDWLRQV ZHUH FDUULHG RXW DV D UHVXOW RI WKH GHHS WKH RXWSXWV EDULXP
FRQWDLQLQJIOXLGZKLWHVPRNHUVLQWKHERWWRPRIWKH6HDRI2NKRWVN>*UHLQHUWDQGHWDO$VWDKRYDQGHWDO
@5DSLGFU\VWDOOL]DWLRQRIEDULWHLQWKHDUHDVRIXQORDGLQJGXHWRWKHLQWHUDFWLRQRI%DLRQVZLWKDQLRQV62
VHDZDWHU ZKHQ XQFHDVLQJ GHJDVVLQJ VROXWLRQV KDYH SUHGHWHUPLQHG IRUPDWLRQ RI WKH VRFDOOHG WUDYHUWLQH EDULWH
DJJUHJDWHV 9LVXDOO\ WKH\ DUH KLJKO\ SRURXV VSRQJ\ VWUXFWXUH RIWHQ PLON\ ZKLWH IRUPDWLRQV FRQVLVWLQJ RI KDUG
FKDRWLF LQWHUWZLQLQJSDUWLWLRQV VHSDUDWLQJ WKH YDULRXV VL]H RI WKH FDYLW\ RI HDFK RWKHU )LJXUH $VVXPHG WKDW D
ODUJHQXPEHURIEDULWHLQWKH'HULXJLQEDVLQDVVRFLDWHGZLWKOHDFKLQJRIEDULXPIURPERWKEDVDOWV.DVKHYDURYVNR\
ULIW ]RQH DQGRI WKH SRZHUIXO WHUULJHQRXV VHGLPHQWDU\'HULXJLQ EDVLQ D VLJQLILFDQW SDUW RI VLOW\ VDQG IUDFWLRQRI
ZKLFKDUHIHOGVSDUV
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
&RQILUPDWLRQ WKDW WKH VRXUFH RI GLVVROYHG EDULXP DUH EDVDOWV PD\ VHUYH D KLJK FRQWHQW RI FHVLXP LQ EDULWHV
 5DGLRORJLFDOHVWLPDWHWKHVWXGLHGVDPSOHRIEDULWH7DEOHDOVRVKRZHGDIILQLW\WREDULWHPLQHUDOL]DWLRQ
LQFUHDVHG FRQWHQW RI 5D 7K . LQGLFDWLQJ HQULFKPHQW RI IOXLGV UDGLRDFWLYH HOHPHQWV 'HYHORSPHQW RI
DJJUHJDWHVXQGHUFRQVWDQWLRQL]LQJUDGLDWLRQHQYLURQPHQWPDNLQJEDULWHFRQVLGHUHGDQLGHDOPRGHOIRUWKHVWXG\RI
WKHLUVWUXFWXUHWUDQVIRUPDWLRQVLQIOXHQFHGE\UDGLDWLRQH[SRVXUH

7DEOH6SHFLILFDFWLYLW\UDGLRQXFOLGHVLQWKHVDPSOHRIEDULWHIURP'HULXJLQGHSUHVVLRQ
VDPSOH
6SHFLILFDFWLYLW\UDGLRQXFOLGHV%TNJ
$HII 7K 5D85D . &V
%D62 r r r r 
7KHSXUSRVHRIWKLVFRPPXQLFDWLRQLVWRH[DPLQHWKHFU\VWDOVWUXFWXUHIHDWXUHVWUDYHUWLQHEDULWHFDXVHGE\JURZWK
FRQGLWLRQV DQG WKH LPSDFWRI UDGLDWLRQ H[SRVXUHE\ HOHFWURQSDUDPDJQHWLF UHVRQDQFH (357R DFKLHYH WKLV JRDO
IROORZLQJWDVNVZHUHVHW$QDO\VLVRIWKHVWUXFWXUDOSDUDPHWHUVRIPLQHUDOV;UD\GLIIUDFWLRQ;5'PHWKRGD
VWXG\RIWKH(35VSHFWUDRIEDULWHDQGKRVWURFNVEHIRUHDQGDIWHUWKHUPDOH[SRVXUHDQG;UD\LUUDGLDWLRQ
)LJ3KRWRWUDYHUWLQHEDULWHDJJUHJDWHIURPGHSUHVVLRQ'HULXJLQ
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5HVHDUFKPHWKRGV
7KHFU\VWDOORJUDSKLFVWUXFWXUHRIPLQHUDOEDULWH%D62LVRUWKRUKRPELFDQGKDVWKHVSDFHJURXS3QPD'K
7KH XQLW FHOO FRQWDLQV IRXU IRUPXOD XQLWV DQG KDV GLPHQVLRQV D  E  F  c &ROYLOOH DQG
6WDQGKDPPHU $WRPV%D62DQG2RFFXS\ WKHSRVLWLRQ LQ WKH VWUXFWXUH F ORFDO V\PPHWU\&V7KH
RWKHU WZRR[\JHQ2DQG2DWRPVRFFXS\ WKHSRVLWLRQG WKH ORFDOV\PPHWU\&7KHV\PPHWU\JURXSRI WKH
WHWUDKHGURQ62FRUUHVSRQGVWR&V
;UD\GLIIUDFWLRQDQDO\VLVZDVSHUIRUPHGRQWKHLQVWUXPHQW6+,0$'=8;5'6KRRWLQJ0RGHUDQJHRI
ɨDQJHO4VWHSGHJPLQDWVHFRQGVH[SRVXUHUDGLDWLRQLVDWXEHZLWKDFRSSHUDQRGHWXEHYROWDJHN9
:HXVHGWKHVWDQGDUGGLVRULHQWHGSRZGHUIRUPXODWLRQV7KHHIIHFWRIWH[WXUHZDVRIIVHWE\URWDWLQJWKHFXYHWWHZLWK
DSRZGHULQWKHSODQHRIWKHVDPSOHKROGHU
5HFRUG (35 VSHFWUD SUHSDUHG VDPSOH a  PJ LQ DQ DPSRXOH ZDV FDUULHG RXW DW URRP WHPSHUDWXUH DW D
IUHTXHQF\RI*+]VSHFWURPHWHU36;0LQVN$GDQL6PDOOPLFURIRFXV;UD\VRXUFH;565HQLV
0 ZDV XVHG WR LUUDGLDWH WKH VDPSOH URFN 6DPSOHV ZHUH LUUDGLDWHG LQ DPSRXOHV XVHG IRU (35 VWXGLHV ;UD\
LUUDGLDWLRQFRQGLWLRQVWXEHDQRGHFRSSHUȜ&X.ĮYROWDJHN9FXUUHQWRIPLFURDPSHUHVWKHH[SRVXUHWLPH
IURPRQHWRWKUHHKRXU
+HDWWUHDWPHQWZDVFRQGXFWHGLQDQHOHFWULFIXUQDFH682/FWXQJVWHQWXEHIRUPLQXWHV6HOHFWLRQWUHDWPHQW
WHPSHUDWXUH     ɋ FRUUHVSRQGV WR UHJLPHV IDYRUDEOH IRU WKH FU\VWDOOL]DWLRQ DQG UHFU\VWDOOL]DWLRQ
PLQHUDOV
([SHULPHQWDOUHVXOWV
;5'H[DPLQDWLRQRIVDPSOHVWUDYHUWLQHEDULWHVKRZHGWKDWWKHDJJUHJDWHVDUHYLUWXDOO\PRQRPLQHUDOIRUPDWLRQV
2QWKHGLIIUDFWLRQVSHFWUDFOHDUO\PDQLIHVWHGLQWHJHUVHULHVRIUHIOHFWLRQVIURPDOOJURXSVRISODQHJULGVEDULWH)LJ


)LJ;UD\GLIIUDFWLRQSDWWHUQWUDYHUWLQHEDULWH'HULXJLQ%DVLQ
7KH UDWLR RI WKH LQWHQVLWLHV RI WKH OLQHV LV FORVH WR UHIHUHQFH VDPSOHV ,Q WKH DQDO\VLV RI WKH GLIIUDFWLRQ SDWWHUQV
QRWHZRUWK\RQO\ VRPHVKLIWSRVLWLRQV OLQHV WR ODUJHU DQJOHV LQGLFDWLQJDQRQVWDQGDUGXQLW FHOOSDUDPHWHUVRI WKH
PLQHUDO+DQGOLQJRIWKHVSHFWUDXVLQJLQWHUDFWLYHFRPSXWHUV\VWHP©(9$ªKDVDOORZHGWRHVWDEOLVKWKHIROORZLQJ
QXPHULFDOYDOXHVRIWKHRUWKRUKRPELFFHOOWUDYHUWLQH%D62D¶ cE¶ cF¶ c9 
cS JFPDQGLVLQDFFRUGDQFHZLWKWKHGDWD$NKPDQRYDQGHWDO%DULWHIURPGHSUHVVLRQ'HULXJLQ
KDV D FRPSUHVVHG FHOO VPDOOHU YROXPH DQG D VOLJKWO\ LQFUHDVHG GHQVLW\ FRPSDUHGZLWK WKH SDUDPHWHUV RI WKH FHOO
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K\GURWKHUPDOVHGLPHQWDU\EDULWH&ROYLOOHDQG6WDQGKDPPHU+LOO &KDQJLQJWKHFHOOZDVDD 
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FF
 c6LPLODUFKDQJHVZHUHREVHUYHGLQWKHFU\VWDOVRIEDULWHZLWKLPSXULW\LRQV
3E6F0J&D LQZKLFK WKH LRQLF UDGLXV VPDOOHU WKDQ WKH LRQLF UDGLXVRI%D c.ULYRYLFKHY DQG HWDO
6XKDU]KHYVN\
7KH LQLWLDO VDPSOHRIEDULWHGHVSLWH WKHKLJK OHYHORI UDGLRDFWLYLW\PHDVXUHPHQWVZHUH UHFRUGHGRQO\ WUDFHVRI
(35VSHFWUDSUHVXPDEO\LRQUDGLFDO62 7KLVIDFWKDVFDXVHGODERUDWRU\VFDOHH[SHULPHQWVZLWK;UD\LRQL]DWLRQ
RIVDPSOHVQRWRQO\WKHRULJLQDOURFNDQGWKHVDPSOHVH[SRVHGWRWKHUPDODQQHDOLQJDWDQGɋ )LJ
(35VSHFWUDRIUDGLFDOVLQWKHUHJLRQDUHUHSUHVHQWHGLQWKHIRUPRIDUHFWDQJXODUWDEOHIRXUFROXPQVFRUUHVSRQGLQJ
WRWKHQXPEHURILUUDGLDWHGVDPSOHVWKHRULJLQDOURFNDQGDIWHUDQQHDOLQJDWDQGɋ
5HVXOWVDQGGLVFXVVLRQ
7KH ILUVW ZRUN RQ WKH VWXG\ RI VLQJOH FU\VWDOV RI VXOIDWHV LQFOXGLQJ EDULWH DSSHDUHG LQ WKH V RI WKH ODVW
FHQWXU\ 6DPRLORYLFK 7VLQREHU  0DUIXQLQ %HUVKRY  %HUVKRY  6DPRLORYLFK 7DUDVFKDQ
0DUWLURV\DQ  +DVDQRY 1L]DPXWGLQRY 9LQRNXURY  %DNKWLQ .KDVDQRY 9LQRNXURY  7KH
ODUJHVW VHW RI SUHVHQW DQG VWXGLHG LQ VLQJOH FU\VWDOV RI EDULWH SDUDPDJQHWLF FHQWHUV 3& LV VKRZQ LQ 7DEOH  LQ
.KDVDQRY

7DEOH3DUDPHWHUVJWHQVRUDQGVXSHUK\SHUILQHVSOLWWLQJWHQVRU6+6RIWKH(35VSHFWUDRIUDGLFDOLRQVLQEDULWH.KDVDQRY
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
$VDUHVXOWRI;UD\H[SRVXUHRIEDULWHDUHIRUPHGKROHFHQWHU2,ZLWKWKHSDUDPHWHUVJIDFWRURI^
` DQG62 ,, J IDFWRU ^  ` 7DEOH )URP)LJ  WKH OLQH VSHFWUD RI UDGLFDO LRQV
EURDGHQHGDQGIDUIURPLGHDOIRUWKHVSHFWUDRIWKHSRZGHUVZKLFKLQGLFDWHVWKHSUHVHQFHRILQKRPRJHQHLWLHVLQWKH
FU\VWDOWUDYHUWLQHEDULWHV
7KH OLQHV RI WKH (35 VSHFWUD RI UDGLFDO LRQV EHFRPH QDUURZHU DQG PRUH LGHDO IRUP ZLWK LQFUHDVLQJ DQQHDOLQJ
WHPSHUDWXUHEDULWHWRDQG&7KHWDEOHUHSUHVHQWDWLRQRIWKHVSHFWUXP)LJXUHDOORZHGWRSUHVHQWFKDQJH
LQWKHVKDSHDQGDPSOLWXGHRIWKHVLJQDOOLQHVRI(35UDGLFDOLRQVGHSHQGLQJRQWKHWKHUPDOWUHDWPHQWDQGWKHGRVH
RIUDGLDWLRQ8VXDOO\HDFKQHZLUUDGLDWLRQZDVFDUULHGRXWWKHQH[WGD\$IWHUWKHWKLUGGRVHKDYHSDXVHGDQGKDYH
FKHFNHGSUHVHUYDWLRQWKHVSHFWUDRIDQGGD\V7KHQWLPHVZDVUHSHDWHGLUUDGLDWLRQDQGDJDLQEHHQVHHQVSHFWUD
E\ VFDQQLQJ WKHP HYHU\ GD\ IRU DZHHN&KDQJLQJ WKH LQWHQVLW\ RI WKH VSHFWUDO OLQHV LV SUHVHQWHG LQ WKH GLDJUDP
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,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WKHSDUDPHWHUVJIDFWRURI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EDFNJURXQGRIWKHVWDELOLW\RIWKH62HOHFWURQFHQWHU
$OOWKLVWRJHWKHULVDPHDVXUHRIVHOIUHJXODWLRQGHIHFWVDQGFU\VWDOVWUXFWXUH.KDVDQRYDQGHWDO
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HTXDOVWKHPXOWLSOLHGE\OLQHQXPEHU
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E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J[[ J\\ J]] 62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